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Abstract 
Developing and employing methods to reduce the mutual coupling between elements of an antenna array has become a hot topic 
in the design of antenna arrays. The utilization of electromagnetic band-gap (EBG) structures is an attractive way to reduce 
surface wave excitation in printed antenna geometries so to mitigate the mutual coupling problem. This paper investigates the 
performance of a microstrip antenna phased array embedded in an EBG. A novel EBG array configuration is proposed, the band-
gap feature of mushroom-like EBG has been studied, its band-gap feature of surface-wave suppression is demonstrated by 
plotting variations of the transmission coefficient S12 with frequency and dispersion diagram. The antenna design is verified by 
High Frequency Structural Simulator (HFSS), the simulating results show that the EBG design approach is a good candidate for a 
reduction in mutual coupling at certain frequencies between radiator elements, which in turn increases antenna directivity. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Electromagnetic band gaps (EBGs) with their periodic-like structures has gained significant interest in academia 
and RF-microwave industries due to their extraordinary surface wave suppression property. The band –gap features 
of an EBG are revealed in two ways: the suppression of surface-wave propagation travels along the structure in 
specified frequency bands and is guided in a direction that is desirable by forbidding the propagation of EM waves 
into certain frequency bands, and the in-phase reflection coefficient [1]. Therefore, if the EBG structure is applied to 
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the mobile phone antennas, the undesired electromagnetic waves can be prevented [2] , and the band frequency can 
be notched [3]. Surface-wave suppression helps to improve an antenna’s performance by increasing the antenna gain 
and reducing back radiation [4]. Various EBG structures have been studied extensively in the last decade [5,6,7,8, 9].  
Linear array of microstrip antennas are popular candidates for multiple input multiple output (MIMO) systems and 
radar applications such as spatial tracking. An important requirement for these applications is high integration 
densities to utilize available substrate space efficiently. 
Initially, adjoining the elements of an antenna array to one another was a potential approach to reducing the total 
size of an array. However, as separations between the elements of the array are reduce, mutual coupling caused by 
the excitation surface waves between antennas, become stronger. As a result, the introduction of a structure “into an 
antenna array” reduces the inter-elemental spacing, however, the integrity of each element is sacrificed as a direct 
consequence. In [10] and [11], about 16 dB reduction in mutual coupling is achieved by inserting  multiple 
rectangular defected ground structures  (DGS), but the back lobe radiation has been increased because of the 
existence of the slots in the ground plane. 
In this paper, we propose a novel compact mushroom-like EBG configuration with a band gap centered at WLAN 
band 5.8GHz. Information about the band gaps are calculated from their transmission coefficient responses, 
dispersion diagram and reflection phase characteristics. The reflection phase of the EBG surface varies continuously 
from 180o to -180o with frequency, and near the high impedance resonance, a plane wave is reflected in-phase (+90o 
to -90o) in [12] the frequency band where the reflection phase which is helpful for low profile antennas to achieve 
good return loss is in the range of 90o ± 45o, instead of out of phase as on a PEC surface and thereby the EBG 
surface satisfies the PMC-like condition in this frequency band. The introduction of the EBG structure between the 
array elements has demonstrated its capability of suppressing the surface waves and reduction of the mutual 
coupling at the resonance frequency. Simulated results for the E-plane coupled microstrip antennas are depicted. The 
patch antenna has a size of 14x11.4mm2, and the antenna array resonated at a frequency of 5.8GHz. A reduction of 
mutual coupling about 26 dB has been achieved when the EBG structures are used between the array elements which 
have been separated 0.58Ȝ5.8GHz (30 mm), where Ȝ5.8GHz is the free space wavelength at the antenna resonance 
frequency of 5.8GHz.  
In other words, as compared to the array without EBG, our proposed array has a relatively larger directivity. The 
optimization to the new center frequency was conducted using HFSS a commercial electromagnetic simulator from 
Ansoft, based on FEM algorithm. 
 
Nomenclature 
EBG Electromagnetic Band-Gap 
HFSS  High Frequency Structural Simulator 
WLAN  Wireless Local Area Network 
MIMO   Multiple Input Multiple Output 
DGS      Defected Ground Structures 
PEC       Perfect Electrical Conductor 
PMC      Perfect Magnetic Conductor 
FEM      Finite Element Method 
2. EBG Structures 
The mushroom-like EBG structure was first proposed in [13], it consists of four parts : a ground plane, a 
dielectric substrate, metallic patches, and connecting  vias. This EBG structure exhibits a distinct stop band for 
surface-wave propagation. Fig.1 shows a square unit cell of the mushroom-like EBG structure used in the proposed 
configuration. This structure exhibits interesting behaviors in the microwave frequencies [12,13].  
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Fig. 1. Unit cell of mushroom-like EBG structure 
The frequency band-gap of the EBG structure can be tuned by changing the geometrical dimensions of each unit 
cell. In the case at hand, the antenna resonant frequency is selected at 5.8 GHz. The parameters of the EBG structure 
are designed in a way that the desired frequency band-gap can accommodate the resonant frequency of the antenna. 
To observe the desired band-gap, the dispersion diagram was used since it is an effective tool for studying band-gap 
properties of the EBG structures. The design parameters of the EBG structure are labeled in Fig. 1. 
 
 
 
 
 
Fig. 2. (a) The computed dispersion diagram; (b) S-parameters varies with frequency; and (c) Reflection phase characteristics. 
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The dimensions of the EBG cells are optimized to have WLAN-band rejection at 5.8 GHz. All the dimensions of 
this work are given in Table 1. The stop band gap property of the EBG structure can be validated using an open air-
filled microstrip transmission line; it is observed from Fig. 2(b) that the transmission coefficient S12 less than -20 dB 
ranging from 4.5GHz to 7GHz indicates the stop band behavior of the structure. The dispersion diagram of the 
proposed EBG structure in Fig. 2(a) shows a stop band gap between the first-second and second-third modes which 
is obtained in the frequency range (4.8 GHz – 5.2 GHz and 5.8GHz – 6.8GHz) very close to the frequency band 
shown in Fig. 2(c) which shows a reflection phase in the range of +90o ± 45o [12]. 
3.  Antenna design and analysis  
The  geometry of the proposed antenna array is shown in Fig. 3, the antenna is printed on a FR4 substrate with 
dielectric constant 4.4 and thickness h=1.6 mm.  
 
Fig. 3. Patch antenna array with EBG structures. 
Table 1. Optimum values of parameters. 
Design parameters Value (mm) Design parameters Value (mm) 
a 68 i 3.3 
b 40 p 7.7 
c 6.3 g 0.7 
d 30 L 11.4 
e 2.4 w 14 
f 2 r 1 
R 1.2 h 1.6 
 
The proposed periodic structure exhibits a band gap  of 4.5 GHz at 7 GHz, where it can suppress the unwanted 
surface waves. These characteristics are utilized to improve the mutual coupling (or isolation) between a two 
element E-plane coupled microstrip antenna array. As depicted in Fig. 3, a  2 x 5 EBG matrix is inserted between 
two rectangular elements of array. The antennas size is 11.4mm 14 mm, and the distance between the antennas is 30 
mm. Fig. 4 shows the return loss and the coupling coefficient of the antenna array with and without the EBG 
structures. It is observed that the antenna resonate around 5.8 GHz. Although the existence of the EBG structure has 
some effects on the input matches of the antennas, all the antennas still have better than -10 dB matches. Without the 
EBG structure, the antenna shows a strong mutual coupling of -21 dB. If the EBG structures are employed, the 
mutual coupling level changes and the reduction of mutual coupling about 23 dB at the resonance frequency has 
been achieved. 
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Fig. 4. Simulation S parameters in presence and absence of EBG. 
 
 
Fig . 5.  Surface current distribution with and without EBG structure. 
 
Fig. 5 shows the surface current distribution with and without EBG structure, where it can be noticed that the 
EBG structure reduces the current density on the antenna surface. These results confirm the suppression of the 
surface current by the EBG structure, which dictates the reduction in mutual coupling and improvement in the 
isolation between the array elements. 
 
    
Fig. 6. Radiation pattern of the array antenna at 5.8GHz with EBG (red) and without EBG (blue). 
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Fig. 7. Radiation efficiency. 
 
Furthermore, the radiation characteristics for the both array configurations are presented in Fig. 6. In presence of 
EBG structure, the radiation patterns are not disturbed in considerable amount although it is slightly improved. From 
Fig. 7, the radiation efficiencies show that with EBG there is an improvement by 8% in the vicinity of the resonance 
frequency. 
4. Conclusion 
In this paper, a mushroom-like EBG structure for array miniaturization with reduced mutual coupling has been 
introduced. The EBG structure is analyzed using the Ansoft HFSS. The final results show a -23dB reduction in 
mutual coupling and a reduction in size compared to antenna  array structure proposed in the literature [4]. EBG 
structures for an operating frequency of 5.8GHz have been presented and several useful properties of the structure 
have been investigated, like the in-phase band gap reflection coefficient, S-parameters and the dispersion diagram. 
These properties make the proposed EBG structure a good candidate to enable the design of low profile antennas, 
and the surface wave suppression band gap property which improves the antenna performance. 
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